The proliferative indices of non-Hodgkin's lymphomas are useful prognostic indicators and provide information independent of other histological and clinical variables. However, proliferative indices alone do not suffice to characterise cell growth. A high cell production rate may be compensated, almost or fully, by a high cell deletion rate. A re-evaluation of parameters of cell kinetics in view of our increasing knowledge of the molecular pathways of cell cycle control may provide more prognostic information for the management of patients with malignant lymphomas. C ontinued evolution in the classification of non-Hodgkin's lymphomas (NHLs) beyond the "working formulation" led to the development of the "revised European-American classification of lymphoid neoplasm" or the REAL classification, which was proposed by the International Lymphoma Study Group in 1994. 1 The World Health Organisation updated and revised that classification with input from additional experts to broaden the consensus and to extend the principle of disease definition. 2 This classification scheme is based on morphological, immunophenotypic, and cytogenetic/molecular information. However, the REAL classification also stressed that within any disease entity a variety of prognostic factors influence the clinical outcome. Thus, the REAL classification highlighted the distinction between a disease entity and a prognostic factor. Pathologists play multiple roles in the management of patients with malignant lymphoma and leukaemia. They must provide diagnoses that are both accurate and reproducible. It is also essential that the diagnoses made have clinical relevance, providing information that is pertinent to the prognosis and treatment of haematological malignancies.
"There is now increasing evidence that cell proliferation and cell death (apoptosis) are the result of a balanced interaction among multiple regulators such as the oncogene and oncosuppressor gene products and cell cycle associated proteins"
The proliferative indices of NHLs are useful prognostic indicators and provide information independent of other histological and clinical variables. 3 4 This pertains to mitotic indices, in addition to percentages of cells in the S, G2, and M phases of the cell cycle. [5] [6] [7] [8] However, proliferative indices alone do not suffice to characterise cell growth. A high cell production rate may be compensated, almost or fully, by a high cell deletion rate. The opposite should also be considered: it has long been recognised that a progressive accumulation of long lived cells can, even at a low mitotic activity, result in a considerable growth rate. There is now increasing evidence that cell proliferation and cell death (apoptosis) are the result of a balanced interaction among multiple regulators such as the oncogene and oncosuppressor gene products and cell cycle associated proteins. [9] [10] [11] These processes are unlikely to be understood simply by analysis of in vitro systems and cell lines. Histopathologists with their knowledge of tissue architecture have much to offer to scientists who study the biochemical and molecular processes of proliferation, growth, and cell death. In histological sections, mitosis and apoptosis are the morphologically recognisable phenomena that most closely reflect cell birth and individual cell death and, thus, cell production and cell deletion in numerical terms. In addition, many of the proteins involved in cell cycle and cell death control may now be detected by monoclonal and/or polyclonal antibodies in tissue sections (fig 1) . 12 Their evaluation in conjunction with the assessment of mitotic and apoptotic indices on biopsy material would aid in the understanding of some of the most common cell kinetic abnormalities found in malignant lymphomas. Improvements in therapeutic approaches might then be made possible through a better molecular understanding of lymphoma cell biology.
CELL CYCLE REGULATION
In mammalian cells, transition through the cell cycle is controlled at different checkpoints. Regulation is achieved through a family of serine/ threonine protein kinases, consisting of regulatory cyclin subunits that bind to and activate catalytic cyclin dependent kinases (CDKs). 13 Eleven of these cyclins (A, B1, B2, C, D1, D2, D3, E, F, G, and H ), which are expressed in a cell cycle dependent manner, have been described so far.
Specific cyclin-CDK complexes control the cell cycle at different cell cycle checkpoints.
The cyclin-CDK complexes most closely linked to the late G1 phase checkpoint are the D-type cyclins (D1, D2, and D3) and their partners CDK4 and CDK6 (fig 2) . 11 The major targets of cyclin D-CDK4 and cyclin D-CDK6 complexes are the members of the retinoblastoma protein (pRb) family, pRb/ p105, pRb2/p130, and p107. A variety of experiments have documented the role of these proteins in controlling the G1 checkpoint of the cell cycle. These proteins share considerable sequence homology and also the ability to interact with and regulate the E2F/DP family of transcription factors, generically referred to as E2F.
11
Although they have similar functional properties, each protein has a different temporal profile of interaction with different E2F members. Ectopic expression in the G1 phase of cyclin D1 under the control of an inducible promoter causes early phosphorylation of pRb family proteins and the acceleration of the cell cycle through G1.
14 Cyclin E is a rate limiting component of the machinery that controls S phase entry and centrosome duplication in multicellular eukaryotes. Periodic accumulation of the cyclin E-CDK2 complex during the G1 and S phases of the cell cycle is achieved in part by E2F dependent transactivation of the cyclin E gene 15 and by ubiquitin mediated destruction. 16 17 Once the cell enters S phase, cyclin E is degraded rapidly and the activation of CDK2 is taken over by cyclin A. The concentration of cyclin A increases gradually during the later stages of G1 and some binding with CDK2 is a prerequisite for entry into S phase, during which cyclin A forms a complex with CDK2 and p107. This complex has an important role in both the initiation and maintenance of DNA synthesis. It activates the proteins at the DNA replication origins that initiate DNA synthesis at different sites or origins on the chromatids. 18 The activation of CDK2 by cyclin A is necessary for the continuation of S phase, but towards the end of this phase cyclin A starts to activate another kinase, CDK1/p34 (Cdc2), in preference to CDK2. This signals the completion of the S phase and the onset of another gap phase, G2. 11 Upon the completion of the S phase, the G2 phase provides a break between the fundamental procedures of DNA synthesis and mitotic division. During this gap the cell can ensure that DNA replication is both complete and accurate.
The activation of CDKs is regulated by additional mechanisms, which include CDK inhibitors and phosphorylation. Seven mammalian CDK inhibitor genes have been identified thus far and belong to two separate families, the INK4 and the CIP1/KIP1 family. These genes are responsible for integrating many growth inhibitory pathways, including responses to DNA damage, senescence, and contact inhibition. 19 The INK4 family includes four closely related ankyrin repeat containing genes: p16 (INK4a), p15 (INK4b), p18 (INK4c), and p19 (INK4d). INK4 proteins bind to CDK4 or CDK6 and prevent D-type cyclin binding and activation. Both p15 and p16 are recognised as tumour suppressors that are regulated by the pRb family. The CIP/KIP family contains three genes: p21 (CIP1/WAF1), p27 (KIP1), and p57 (KIP2). p21, p27, and p57 regulate multiple CDK enzymes, including CDK4/6-cyclin D, by forming ternary complexes with CDK and cyclin proteins. Recent evidence points to a role for p27 (KIP1) in the activation of CDK4/6-cyclin D complexes and the inhibition of CDK2-cyclin E.
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p53 is also involved in the control of cell cycle checkpoints. p53 protects cells from neoplasia by inducing apoptosis, DNA repair, and cell cycle arrest in response to a variety of stresses.
20 p53 dependent arrest of cells in the G1 phase of the cell cycle is an important component of the cellular response to stress. Recent evidence suggests that p53 is implicated in controlling entry into mitosis when cells enter G2 with damaged DNA or when they are arrested in S phase as a result of depletion of the substrates required for DNA synthesis. Part of the mechanism by which p53 blocks cells at the G2 checkpoint involves the inhibition of CDK1/p34, the cyclin-dependent kinase required for entry into mitosis. 21 A more detailed description of cell cycle machinery would be beyond the aim of our present review. However, we would like to point out that any alteration of this complex system can result in uncontrolled cell proliferation with different proliferative patterns. Many disturbances of molecular mechanisms underlying cell cycle control have been detected in malignant lymphomas.
11q13 translocations with resultant bcl-1 rearrangement are a characteristic feature of mantle cell lymphoma (MCL). 22 This alteration leads to the constant overexpression of cyclin D1, 23 which is not normally expressed in lymphocytes. This results in deregulation of cell cycle control by overcoming the suppressor effect of pRb and p27 (KIP1). 24 It should be mentioned that lymphoma cell lines harbouring the t11;14 translocation show cyclin D1 protein but no or very low amounts of cyclin D3; in contrast, other B cell lines, T cell lines, and peripheral blood lymphocytes strongly express cyclin D3 and react negatively for cyclin D1, suggesting that chromosomal translocation 11;14 leads to an abnormal expression of cyclin D1 in the tumour cells of MCL and induces consecutive downregulation of cyclin D3. 25 However, cyclin D1 overexpression is not restricted to B cell proliferation with a distinct proliferative capacity, or to the t(11;14) translocation, and cyclin D1 is involved in the physiopathology of other lymphoma types. 26 Aggressive variants of MCL have additional genetic alterations, including inactivation of the p53 and p16 (INK4a) tumour suppressor genes. The deletion of p16 (INK4a) occurs in approximately one half of MCLs and is a more relevant indicator of the proliferative features than morphological criteria. 27 The 7;14 translocation, originally found in a case of chronic lymphocytic leukemia, involves the juxtaposition of the immunoglobulin (Ig) locus to a human retroviral sequence of the transposable-like human element family. 28 Further studies have found that deletions and translocations of chromosome 7q are the most common cytogenetic abnormalities found in splenic lymphoma with villous lymphocytes (SLVL), a leukaemic variant of splenic marginal zone lymphoma (SMZL), with the q21-q22 region being most frequently affected. The cloning of the breakpoint at 7q21 in SLVL revealed that it was located within a small region of DNA 3.6 kb upstream of the transcription start site of the CDK6 gene, 29 which promotes G1 to S phase transition. 30 Thus, dysregulation of CDK6 gene expression probably contributes to the pathogenesis of SLVL and SMZL.
"11q13
translocations with resultant bcl-1 rearrangement are a characteristic feature of mantle cell lymphoma" Several studies have reported mutations of the p53 gene and/or abnormal expression of the p53 protein in a substantial number of patients with follicular lymphomas. 31 In particular, alteration of p53 has been suggested to play a role in the transformation of follicular lymphoma into diffuse large B cell lymphoma (DLBCL).
Yet, the pRb and p53 pathways are both important in the development of de novo DLBCL. 32 DLBCLs are also frequently associated with reciprocal translocations involving the chromosomal band 3q27 and either one of the Ig genes or another partner chromosome. 33 Cloning of the 3;4 translocation allowed the identification of Bcl-6, a zinc-finger transcription factor. 34 35 Gene inactivation studies have shown that Bcl-6 plays a key role in the activation and proliferation of B cells within the germinal centre. 36 Overexpression of the gene results in apoptosis and delays S phase progression. 37 However, it remains unclear how Bcl-6 overexpression leads to transformation. No mouse transgenic models for Bcl-6 have been reported to date. p27 (KIP1) expression in DLBCLs with adverse clinical significance has been reported. 38 This suggests that the anomalous p27 (KIP1) protein may be rendered non-functional through interaction with other cell cycle regulator proteins. Evidence in favour of p27 (KIP1) sequestration by cyclin D3 was provided by coimmunoprecipitation studies in a Burkitt's lymphoma (BL) cell line (Raji), which showed the existence of cyclin D3-p27 (KIP1) complexes and the absence of CDK2-p27 (KIP1) complexes. 39 These results support the hypothesis that there are cyclin D3-p27 (KIP1) complexes in a subset of aggressive B cell lymphomas in which p27 (KIP1) lacks the inhibitory activity found when it is bound to cyclin E-CDK2 complexes. A recent study indicates that p14 (ARF) alterations occur in a subset of aggressive NHLs, but that they are always associated with p16 (INK4a) aberrations. 40 41 Thus, the concomitant disruption of p16 (INK4a) and p14 (ARF)-p53 regulatory pathways may have a cooperative effect in the progression of these tumours. [42] [43] [44] Therefore, it is possible to identify several distinct molecular types of DLBCL, corroborating the hypothesis that the heterogeneity of the disease relies on its pathogenetic heterogeneity. 45 BL is characterised by an 8;14 translocation, which juxtaposes c-myc to the heterogenous regulatory elements derived from the Ig loci. 46 As a consequence, in BL, c-myc is consistently found to be transcriptionally activated. 46 The mechanisms by which c-myc promotes cell cycle progression in B cells are not known completely. Several lines of experimental evidence show that the deregulated expression of c-myc can influence the growth of B cells in vitro and in vivo. Myc is required for progression through the cell cycle, and normally its expression correlates tightly with the proliferative state of the cell. The functions of myc in this regard have been recently reviewed. 47 Myc null cell lines are characterised by a profound growth defect as a result of lengthening of both the G1 and G2 phases of the cell cycle. The largest defect observed in these cells is a 12 fold reduction in cyclin D1-CDK4 and D1-CDK6 complexes during the G1 to S phase transition. However, the activity of other cyclin-CDK complexes, including cyclin E-CDK2 and cyclin A-CDK2, is also diminished, and the growth rate is not restored by overexpression of these cyclins. 47 These findings are explained by the knowledge that Myc directly induces the expression of cyclins D1 and D2, which, as cyclin-CDK complexes, sequester the cell cycle inhibitors p27 (KIP1) and p21 (CIP1/WAF1), thereby releasing cells from inhibition of the cell cycle. 48 49 This is at least one of the pathways by which Myc exerts its proliferative effects. Oncogenic conversion of c-Myc is also believed to stem from amino acid substitutions in c-Myc exon 2, which affect the N-terminal transcriptional activation domain. 50 51 These mutations, which are found in comparable positions in retroviral v-Myc, occur in more than 50% of BLs and cluster in hot spots. 52 The high prevalence of these mutations suggests that they play a biological role in lymphomagenesis because, in normal conditions, the activity of the c-Myc transactivation domain is suppressed by protein-protein interactions, including interactions with the pRb related family proteins. 53 54 In addition, c-myc alteration is not the only genetic lesion found in BL. Cooperating alterations of other cell cycle associated genes probably contribute to the pathogenesis of BL. p53 mutations have been found in 30-40% of BL samples. 55 Genetic disturbances in the nuclear localisation signal of the Rb related gene Rb2/p130 have recently been documented in BL cell lines, in addition to primary tumours. 56 These mutations may impair the ability of the respective gene product to function as a growth suppressor nuclear protein, pRb2/ p130 being exclusively cytoplasmic. 57 Increased cell proliferation caused by alteration of the control mechanism by pRb related proteins may represent a first step in lymphomagenesis in BL, because it has been shown that increased cell proliferation is sufficient to account entirely for tumour prevalence. 58 59 Additional genetic changes may occur subsequently, and misense mutations of c-myc may be selected during lymphomagenesis.
Finally, the evaluation of cell cycle associated proteins in various types of NHL can distinguish groups of lymphomas with unequal growth characteristics. 60 In addition, a recent study suggests that cyclin D3 is expressed differentially among lymphoma subtypes and that overexpression might identify a subpopulation of patients with adverse clinical features and poor outcome. 61 The expression of p27(KIP1), pRb, and the cell proliferation marker Ki-67 (MIB-1) has also been evaluated in another study, which showed coordinate changes in the expression of p27 (KIP1) and pRb in NHLs. 62 This suggests that changes in the control of the cell cycle are closely related to the pathobiology of NHL. Furthermore, a distinct pattern of pRb2/p130 and p107 expression in a large cohort of patients with NHL indicates the possibility of different pathogenetic mechanisms within and among lymphoma subtypes. 63 All these findings support the REAL classification recommendation to examine each disease entity with respect to possibly divergent molecular features, growth patterns, and clinical aggressiveness. 1 
MITOSIS
Mitosis is the process by which eukaryotic cells ensure the equal partition of their chromosomes at cell division. The key events of mitosis are: (1) prophase-the condensation of the duplicate chromosomes from a dispersed and metabolically active state to a compacted condition, suitable for transport; (2) prometaphase-the positioning of the condensed chromosomes, first by orientation so that one copy of each chromosome addresses one end of the cell and then by the motion of each chromosome to the midplane of the cell to form the "metaphase plate"; (3) anaphase-the separation of each chromosome into two identical parts, followed by their movement toward the opposite ends of the cell; and (4) telophase-the re-formation of nuclei and the decondensation of the chromosomes to re-establish the interphase condition.
"The mitotic activity of malignant lymphomas is a useful prognostic parameter, and mitotic indices in conjunction with apoptotic indices allow an estimation of neoplastic growth" For some time it has been known that a specific protein (or group of proteins) is involved in the signal to initiate the onset of mitosis (fig 3) . This protein was initially known as maturation promoting factor but is now called M phase promoting factor (MPF). MPF consists of cdc2/p34 and its activating mitotic cyclins, cyclins A or B. Although it appears that cyclin A-CDK1/p34 has a more important role in the completion of S phase and the preparation for mitosis, cyclin B-CDK1/p34 controls the onset, sequence of events, and the completion of mitosis. In short, the G 2 -M transition of the cell cycle is triggered by CDK1/p34 when it associates with cyclin B1 to form the MPF. In contrast to CDK1/p34, which is usually present throughout the cell cycle in proliferating cells, cyclin B1 remains virtually undetectable during the G0/G1 and most of the S phase but accumulates in the G2 phase. This process, which parallels the phosphorylation of cyclin B1 and dephosphorylation of CDK1/p34, 64 may exhibit wide intercellular variations. 65 The full biological activity of MPF is achieved with the nuclear localisation of this complex, 66 and is maintained up to the metaphase-anaphase transition in mitosis. At that time, ubiquination and degradation of cyclin B1 sets in, as a result of the catalytic activity of the metaphase-anaphase promoting complex. 67 The machinery driving a cell through mitosis may be counterbalanced by inhibitors, such as the cyclin dependent kinase inhibitor p21, which remain under the control of p53.
68 Figure 3 Schematic representation of a molecular networking model for cell cycle regulation of the G2-M phase.
Cell kinetics and cell cycle regulation in lymphomas
In histological sections, mitosis is the morphologically recognisable phenomenon that most closely reflects cell birth and, thus, cell production in numerical terms. The clinical relevance of mitotic indices (MIs) resides, of course, in the theoretical possibility of estimating real tumour growth, which equals cell production minus cell death (apoptosis). To attain this goal, the time required for mitosis (mitotic time) and for the apoptotic process (apoptotic time) should be known. However, the present knowledge on mitotic time and apoptotic time in vivo of human lymphoid neoplasia is limited. Nevertheless, the mitotic activity of malignant lymphomas is a useful prognostic parameter, [5] [6] [7] and MIs in conjunction with apoptotic indices allow an estimation of neoplastic growth. 69 It should be emphasised that the entry of a cell into the cell cycle and mitosis is not necessarily an indication that the respective cell will successfully terminate the cell cycle and divide. One example of this is the occurrence of abortive mitosis in the Hodgkin-Reed Sternberg cells (HRS) of Hodgkin's disease. 70 HRS cells express proliferation associated antigens in the absence of normal progression through mitosis. [71] [72] [73] This is correlated with the finding of an unusually low proportion of HRS cells expressing cyclin B in the cytoplasm and in the nucleus, suggesting a derangement of MPF kinetics and functions. 74 In contrast, an overexpression of cyclin B has been observed in anaplastic large cell lymphoma, which is associated with the positivity of neoplastic cells for ALK-c and thus the t(2;5) translocation. 75 The molecular background of the intense mitotic activity in ALK positive anaplastic large cell lymphoma has not yet been fully clarified. ALK, a novel receptor that is closely related to leucocyte tyrosine kinases, is expressed by certain cells of the nervous system but not by the normal lymphoid tissue. 76 77 The t(2;5) translocation brings the part of the gene that encodes the intracellular portion of ALK under the control of the strong NPM (nucleophosmin) gene promoter, leading to its ectopic expression in lymphoid cells and the resultant dysregulated growth. 78 The NPM portion of the fusion protein provides an oligomerisation motif that promotes a self association of NPM-ALK and results in its constitutive activation. 79 80 Several tyrosine kinase signalling substrates are known to interact with NPM-ALK and may be involved in transformation mediated by the protein. Among these, phospholipase Cγ appears to be important for the mitogenic signal mediated by NPM-ALK. 81 This is in line with experimental findings suggesting that the expression of cDNA encoding NPM-ALK in rat 1a fibroblasts induced accelerated cell cycle entry and pronounced upregulation of cell cycle associated proteins. 82 
APOPTOSIS
The process of apoptosis is classically defined by morphological changes that lead to characteristic alterations in cellular and subcellular structure, including cell shrinkage, nuclear fragmentation, and chromatin condensation. The apoptotic process is carefully regulated through a network of positive and negative elements. However, all pathways culminate with an enzymatic cascade that involves a series of self activating proteases known as caspases. The induction of apoptosis via the caspase cascade appears to occur through at least two separate, parallel pathways. One of these is dependent on mitochondria and is modulated by the release of proapoptotic proteins from these organelles into the cytosol. The other major pathway involves caspase activation via membrane receptors in response to extracellular ligands. Thus, this second apoptosis pathway is commonly referred to as the extrinsic pathway. The best examples of extrinsic pathway stimuli are members of the tumour necrosis factor (TNF) family of cell death receptors. All apoptosis pathways are tightly regulated, probably involving hundreds of genes acting either to enhance or to inhibit caspase activation.
In tissue with the capacity of self renewal, apoptosis is as important as cell proliferation in determining the size of the cell population. Given its contribution to cell turnover in physiological and pathological conditions, it is important to be able to identify and quantify the process of apoptosis in cells and tissues. Although historically morphological methods have been favoured, the recognition that apoptosis is associated with the cleavage of DNA between nucleosomes has been regarded as a key parameter, and methods that take advantage of this characteristic have been developed. These methods have been used to identify apoptotic bodies in tissue sections. 83 Apoptotic indices (AIs) can distinguish higher from lower grade NHLs and diffuse large cell NHLs have AIs similar to working formulation high grade NHLs. 84 85 In particular, it has been shown that AIs correlate positively with proliferative indices in malignant lymphomas of different histotypes. 84 However, this does not mean that the two parameters are mutually replaceable; rather, they define different kinetic features of a neoplastic cell line that may complement each other. Considerable exponential growth of a cell population may be based on the predominance of cell proliferation, possibly with a substantial AI, or on the accumulation of long lived cells. 86 The decision for a cell either to proceed into the cell cycle or to undergo apoptosis is made at a certain metabolic checkpoint, which regulates these processes depending on the signal received. 87 "All apoptosis pathways are tightly regulated, probably involving hundreds of genes acting either to enhance or inhibit caspase activation"
The Bcl-2 proteins are central modulators of apoptosis that operate predominantly within the mitochondrial pathway. We know that Bcl-2 related proteins either suppress or promote apoptosis by interacting with and functionally antagonising each other. Whereas the expression of some, such as Bcl-2 and Bcl-xL, suppresses apoptosis, the expression of others, such as Bax and Bak, promotes apoptosis. 88 89 The balance between viability and apoptosis depends on the ratio of Bcl-2 homodimers and heterodimers and Bax or Bax related dimers. 90 91 These interactions either prevent caspase activation in the case of apoptosis inhibition, or promote caspase activation in the case of apoptosis induction. Imbalances in the ratio of Bcl-2 to Bax can lead to a resistance to sensitisation to cell death stimuli. A classic example of this is seen in follicular lymphoma, where the t14;18 translocation results in the overexpression of Bcl-2 and consequent inhibition of apoptosis. In an attempt to clarify the role of the apoptosis counteracting protein Bcl-2 in NHL, across the boundaries of histological classification, a highly significant inverse relation ("mirror image") between the proportion of Bcl-2 positive cells and AI was shown in each case. 92 Thus, it is conceivable that the Bcl-2 protein may be a major regulatory factor counteracting programmed cell death in these tumours, independently from the 14;18 translocation. The frequent presence of the Bcl-2 protein in indolent NHL is in line with the often long standing, indolent course of these neoplasms, in which progressive accumulation of long lived cells protected against apoptosis is the major background of an increasing tumour cell mass, rather than pronounced proliferative activity. More recent data suggest that in addition to the known overexpression of cyclin D1, which drives entry into the cell cycle, disturbances of pathways associated with apoptosis contribute to the development of MCL. 93 Furthermore, two separate groups of aggressive NHL, one with rather high AI values and low percentages of Bcl-2 positive cells and the other with the reverse characteristics have been detected. 92 The coexistence of high percentages of Bcl-2 positive cells and raised AIs in several aggressive NHLs may tentatively be explained by Bcl-2 independent pathways to programmed cell death. 92 Certain other genes, such as c-myc, p53, and pRb, are also involved in the network controlling cell proliferation and apoptosis. 11 Lasting disturbances of this complex system through mutation with excessive activation of oncogenes or loss of function of tumour suppressor genes, for instance, can lead to an unbalanced selective survival advantage of the respective cell lines. Death receptors belonging to the TNF family of receptors are capable of inducing apoptosis through mechanisms that are independent of the mitochondrial pathway. The Fas and TNF-α signal transduction pathways directly regulate caspase activation through recruitment of adapter molecules to the cytoplasmic domain of the receptor. 94 Resistance to Fas mediated death may be an important factor in B cell transformation in vivo. Many lymphomas are insensitive to Fas mediated death signals, although all can form a death inducing signalling complex. Additional studies suggest that some lymphomas can be blocked at the death inducing signalling complex by antiapoptotic proteins, whereas others are inhibited downstream of caspase 8 activation. 95 Anti-Ig treatment of a Fas sensitive line, A20.2J, activated several genes whose products may block apoptosis proximally (such as FLICE inhibitory protein) or at late points (such as Bcl-2 family members). 96 97 "The balance between viability and apoptosis depends on the ratio of Bcl-2 homodimers and heterodimers and Bax or Bax related dimers"
The nuclear factor κB (NF-κB) proteins are key regulators of differentiation and survival in B cells. The induction of NF-κB activity protects cells from apoptosis induced by a variety of stimuli, including exposure to TNF-α, chemotherapy, and ionising radiation. NF-κB controls a signalling network in HRS cells, which promotes tumour cell growth and confers resistance to apoptosis. 98 Recent studies have elucidated some mechanisms by which NF-κB inhibits apoptosis, such as the induction of inhibitor of apoptosis proteins (IAP1, IAP2) in malignant lymphomas. 99 The IAPs represent another family of proteins that serve to suppress caspases. So far, six members of the IAP family have been identified in humans, including XIAP, cIAP1, cIAP2, NAIP, and survivin. Several IAPs have been shown to inhibit apoptosis by directly binding to effector caspases, particularly caspases 3 and 7. There is evidence that implicates the overexpression of IAPs as a cause of apoptosis dysregulation in cancer cells. For example, cIAP2 is known to undergo chromosomal translocations and is activated in certain types of lymphoma, particularly those arising in mucosal tissue (MALTomas). 100 In addition, survivin is inappropriately expressed in a variety of cancers, including high grade lymphomas. 101 The relation between different types of virus infection, disease, and the viral strategy for normal persistence in humans is now beginning to be understood. The ability of Epstein-Barr virus (EBV) to modulate cell growth and death is central to these processes. 102 There is strong evidence that endemic BLs (eBLs) and Burkitt-like lymphomas (BLLs) grow much faster than sporadic BLs (sBLs), as shown by differences in mitotic and apoptotic indices. 102 EBV seems to play a noticeable role in the pathogenesis of eBL, but not (or less so) in the development of sBL and BLL. Yet, EBV positive BL has been associated with distinctly lower AIs and smaller median percentages of Bcl-6 positive cells than EBV negative tumours. The role of latent membrane protein 1 (LMP-1), an EBV product found in latency types II and III, in the pathogenesis of BL remains undetermined. In certain human BL cell lines, LMP-1, in conjunction with the EBV encoded nuclear antigen 2, acts as a potent gene transactivator and may favour uncontrolled proliferation. Conversely, LMP-1 upregulates bcl-2 protooncogene expression and thus counteracts apoptosis.
However, LMP is expressed in very few cases of BL. 103 Viral proteins other than LMP may thus provide resistance to apoptosis in BL. It has recently been shown that ectopic expression of Bfl-1 in an EBV positive cell line, exhibiting a latency type I infection, protects against apoptosis induced by growth factor deprivation, thereby providing a functional role for Bfl-1 in this cellular context and adding Bfl-1 to the list of antiapoptotic proteins whose expression is modulated by EBV. 104 
105

CONCLUSIONS
Finally, we would like to make some comments on possible therapeutic implications of the data illustrated above because the proper therapeutic approach should be based on detailed knowledge of the kinetic and molecular characteristics of each tumour. Lymphomas are highly chemosensitive tumours and are often curable; however, a variable proportion of patients do not respond to treatment and run a poor clinical course. Up to now, the therapeutic approach has been based mainly on such parameters as histotype, stage, age, performance state, lactate dehydrogenase, and clinical symptoms, although none of these is useful in predicting the response to treatment in a particular patient. The study of mechanisms that regulate cell proliferation and death will be very important in determining therapeutic strategies different from the current ones.
Chemotherapy, in fact, is not specific, whereas other treatments, such as genetic ones, can lead to the introduction of DNA fragments into the genome of neoplastic cells. 106 In this way, apoptosis can be induced, and functions that were lost can be reintroduced in the transformed cells. Take home messages
• The proliferative indices of non-Hodgkin's lymphomas (NHLs) are informative independent prognostic indicators, although the balance between cell death (apoptosis) and cell proliferation is the most important factor determining overall tumour growth • This balance involves the interactions of multiple regulators such as the oncogene and oncosuppressor gene products and cell cycle associated proteins and our increasing knowledge of the molecular pathways of cell cycle control may provide more prognostic information for the management of patients with malignant lymphomas • Gene mutations or translocations involving cell cycle regulators, such as the cyclin dependent kinases (CDKs) and their inhibitors, the cyclins, and p53, have been implicated in many lymphomas-for example, p53 mutations in diffuse large B cell lymphoma • All apoptotic pathways culminate with an enzymatic cascade that involves a series of self activating proteases known as caspases. The Bcl related proteins are important regulators of apoptosis, suppressing or promoting apoptosis by interacting with and functionally antagonising each other, and disturbances in these pathways have been identified in several lymphomas • Other factors involved in the complex pathways that control apoptosis include the tumour necrosis factor family of signal transducers, Fas, NF-κB, and the inhibitor of apoptosis proteins and dysregulation of all these proteins has been detected in certain types of tumour • Thus, the proper therapeutic approach should be based on detailed knowledge of the kinetic and molecular characteristics of individual tumours. In the future, genetic treatments may be devised to introduce DNA fragments into the genome of neoplastic cells so that apoptosis can be induced, and functions that have been lost could be reintroduced in the transformed cells
